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ABSTRACT 

PROBLEM TO BE SOLVED: To isolate the above enzyme, derived from a 
coryneform bacterium and capable of catalyzing a pentose phosphate cycle 
according to a gene recom bination technology. 



SOLUTION: This glucose 6-phosphate dehydrogenase has an amino acid sequence 
represented by the formula. The enzyme is obtained by expressing a DNA 
(hereinafter referred to as a zwf gene) , obtained from a chromosome of a 
coryneform bacterium, isolated and determined from a Brevibacterium f lavum 
ML-233 (FERM BP-1497) strain and capable of coding the glucose 6-phosphate 
dehydrogenase in a coryneform bacterium. When the coryneform bacterium is 
transformed with the zwf gene, a bacterium capable of highly producing the 
glucose 6-phosphate dehydrogenase is obtained. 
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[ooi n *.^tcfc(t-5 zwf iie^rii, ji^m 

ffl v * ii ix £ E) N A &ll£3§H . ffl/J iX *v 7 7> ttS > -X 
fA- 1 ??7, ( Sy s t em- 1 Plus) Jfflv* 

U:. Vil 3-7. - 6 - [) yfiSrt Hoyt-tr3- K 

^xi>x<. mtzizi&mi>m\ztLX^xi>x<* hh 

Iffi^ 7)1 a ~6-'J > g^r h K o 2r-r~t: r 3 - 
Htsae^Sr^trDNAKfrta^SiiStOTA 

[00 12] 

ISteffl] JUT. !3fcWt:J:0S^^«cWciJi^ 

(A) rUbVv^x'J^A • 7^/njMVIJ-2 3 3^ 
£DNA<Z>j*itJ 

XU-tV^r'J^^ • 7 7A'AM J -2.3 3 (FERM 
BP— 1497) #£*&Jft-C*4 A gift [ffl 

fi£:SS 2g, (NH 4 ),S0^ 7g.K 2 HP0 4 
0. 5g. KH 2 P0 4 0. 5g. MgSO, • 7H £ 

0 0. 5g. FeS0 4 • 7H 2 0 6mg, MnSO 
4-4-6H.O 6mgJSl^ 2. 5g.#lF 
£ 5 s. f yff-y 2 0 0 ju g . tSBtf-T $ > 

2 0 0 u g . Z2 — 7> 2 0 g I T 1 

y y h/u-i-f* ] 1 y >y Mi^T^tiMm^t^ 

[0013] ^il/cffifrr >J V'^-Xsr 1 0 m g/m 

1 &m&X"£ttZ>i§iR [Sfi: lOmM NaCU 

2 0inM h'JXgfKpHS. 0). lrnM ED 
T A • 2 N a ] 1 5ml CSfflLfc. IS&SilSCTa-r 
^— if K rlOOju g/m 1 ^*»»£-C-SaD I . Zi\ 
?3 7VX'imffl-4 >*j.<-hltz. <k(Z^ Kfy^ 

iSSnLTSian ottmw?Mzffi*Lti&* 

i:HKl 2 C CT 2 0#EL 5 . 0 0 0 x g 

* h V ix * -E- <o jgjR# 0 . 3 M > & S J: 0 tcgS Jo I . 

x 9 J -Am^Wi^zmL^h DNAr#7 XtSTIPMR 
0. ^nr7 0?oX^y-/i.TSfe#L-CilteLfc ? 



iUtDNAli. ffijR [IB*: 1 OmM MJ ZJSffiiK 
( P H 7 . 5 ) . 1 rnM E DT A ■ 2 N a ] -5 m 1 £ 

mix 4 -cx—mm u~tk. mmz$i tz , 

[0014] ( B ) z w f ilE^^S^Iffifr ^jfJR 
x> x '.J t T • r? y (Escherichia col 
i ) [ J . B acteriol. . V o 1 . 17 
3 . p . 9 6 8 ( 1 9 9 1)]. x/l ^ >r xr - 7 «j 
**f > -fc 5 (Erwi n ia chrysanthe m 
i ) [Gene. Vol. 101. p . 51 (199 
1) ] . &J:0\ o^y^h-v;-.^t>fD^f 
X (Leuconostoc mesent e r o i d 
e s ) [ J . Biol. Chem. , Vol.2 
6 6. p . 1 3 0 2 S ( 1 9 9 1 ) ] c7)7Vlo-7.- 
6 - U >'iSft F o Yi—^ 3-KfiDN A mBrr 

n&mm ztt (zm^itzT 5 ym&\^n^m» 

-DNAS-SltL-fe* 

[ 0 0 1 5 ] tK'j sy-^mm&m^-mziTFiz^ 

t\ [2 5ai-vK/ml Taq -DNA^'J^7- 
-fc\ lOmM h»JX-SiSa-ffi?K ( pHS. 0). 5 
OmM KCU l."5mM MgCl s 0. 25m 
M dATP, 0. 25mM dCTP, 0. 25mM 
dGTP. 0: 25mM dTTP. 0. 5^g/m 

1 Sfefel*DNAtt.fn7KS?a, luM 7y4-?—\ : 
AT(ATC)GA(TC)CA(TC)TA(TC> (TC)TIGGI AA(AG)GA (@S?fJ# 
^ 1 ESc^T 5 JWKn 1 7 4 - 1 S 1 r TtiZ L TKft 

L-ATlEyJ : ffi^JS^- 2 ) . 1 u M 7*7 >f - 2 : GGI A 
CI CCI (TG) (GC)CCAI C ( %&\%r^ 1 leffiiOT ^ / 3 

2 4-3 2 9^7ttcLTl£ftL^ffi?fJ:E?iJ#^3) . 
> L T 1 0 Ou 1 cORJCS^lgSrffli ^, ] 

tt^j ^y-^mmK^K^kmmi^\ 94rx-i 

5 5^Ct'2^\ 7 2'CT'3^r WAffct'thl 
5y<i9HXhh. xLXlMKmx^hixtzDnh^: 

nmitz, 

[0016] . 50mM h 'J X - 

«i^«fffi (PH7. 9) . lOmM MgCl,. 2 
OmM ImM ATP. lun 

it/lOjul T4DNAW-^ , 50ng/l 
0ix\ pGEM-W?- . lOng/lOju-l 

[0017] »i£ [ J . M o I . Bio 

5 3. 1 5 9 ( 1 970) Cftot, 
t#4>iifc?S?l$srffl^i:x>-xy tr • z?>j JM 1 09r 

mmMLtz, '&^i\tzmwfc\m?mRW& i&& : 

h'j7 - h> 10g.»ax^ 5g. NaCl 5 

g.S^ i 5 g % r>'tr>'»j>- 5 0mg, ^fyro 

V*+*fiy9Vu-Y 0. 238g, X-gal 

0. 2s. Wf/l-*/L-i»7S F2m 1 5:.?£g'fctCiS« 



L , 1 y-vMLfctS] iC&tfU 37CT1 6D*(SI^ 
tOO 1 S] LTft^il.^3ni:-JS^a»7- 

> f> y > 5:Ji»iRgT5 0 g/m 1 USa?- 
. AS T h y^^>' 1 Og, i$Sx** 5g. NaC 1 
5 g 5r.Ig*(-:i§S?LT 1 y -y hfrt +& ] KffiB 

0*ia , S . 0 0 0 ;•' g ^ia'L^8t(c*^fCBI*r EUR 
Lfcc EliRL7tH|j***/bT;L*'J^SDSa [T. M 
aniatis. E . F. Fritsch. J. 

Sambrook. Molecular c 1 o n 
ins. P. 90-9 1 (1 982) #!§] tZj: *) T 

[ 0 0 1 9 ] mz, &t>ixtz7y*$ FKJ* KZixtzstk 
fe»43fa9f.-;4 7 0b pcOD N AErfr^HSB!#J£ > : x 

±ie*S3£ftiJ; 0WU:77^ai'DNAJy^ 
>- - x/uv-aR^^ijxhSOO^Uif * aw 
^'-■7^T-y3> (CATALYST SO 
0 Moleculer Biology Labos 
tation;Per kin-Elmer) 5rffltvC7' 

«3 7 3 A DNAy-?i>t-Ki OT^X* HO 
» A D N A Br^SSE*'! £ itec L/L* . 

>'*7«£:. BBfl<7>xvxytT • n'j^^a-x-b 

W/l/t'v^f^f^i. ■ 77AAMJ-233<7)zw 

[0021] (cizwf ae?^ss»K^&*tf sfefe 

»DNA^»|BamHK EcoRI, Hi 
nd I I I , Sa I I~**ft-Pii4MRL;fc. ZixhZO 
ncort|«Probe tech 2 Srfflv^TlMP > 
) \4 y" y y >f -t - ^ 3 ym<Di-4 o > ^ > y u /I 

[0022] ±|£, P c RT'&dixtz z w f m&rf-VSl 

clCTP AA0 0 0 5rfflV»t, SffiittSR a m d 
o m P r i m e r D N A Labelling Ki 
t V e r . 2 ^^T7'D - 7 SrffllK L . 7 A )V9 

-x\3^<rfim/nmm. 1 5 x s s cjgfflL 5 xf>A/p 

HSiE. 0. 5% Kr^SK^h'J^ (SD 
S) . 0. lmg/ml S I GMA&SS ALMON 
TESTES DNA For Hybridiza 
t i o n (1 0mg/m 1 ) ] ■C'6 5tt'2BtS7WN 
4 7' y -t - 3 >• * ft ^ . frfc 2 0 x S S C jgft 



ti. WT^ffitt [3M NaC 1 , 0 . 3 M 7x>-& 

[ 2 % ^im^T/L r 5 >\ 2 % * • y "fx/ufcrn y k 

> , 2°o 7 >f r?-/l ] T\t>&. 
[0023] ilStiBSL ?t:rn-7rSD^ . 6 5X:x 
— Hft, tf>vw ry.r>f-t:-> •3>*ffoJt, 
^-f2/SSC, 0. 1% SDSt6 5t, 1 5-fr 

1XSSC\ 0. 1% SDST6 5T. 1 5 #13*8^ 

\k. ^-h7>^'7 7^-vfi 0 ^ la^tOii. a 

AS- 2 0 0 0rtK% 

[0024] CtfOSSm, z w f mttV^m^Z^ts 
*fe*DNA*JK»*Br^*S$(i % BamHIlifr 
fi\ E c o R I H i n d J I I Kfr, Sal Igfj 

^iim#2kb. 3kb x Skb, 10kbT' 

(D) zwf ae^S^BrfrSr^trSSfeftDNA B 
am'H IMX^ffi 

0. 2% VAh-x, lOmM MsS0 4 r^SDL 
fcLBtfSiKfc:. XyX'JhT - 3>JP2329rfi 
L. SlVX^mitz. ^LTiiE^7^7^y-AF 
I X I I 7r->?Jg?T$4 0 0// 1 (CP 2 3 2 9i^#?g^ 

•y 7T#- ( 5 O'Cfia ) ^So.t . A 7°U- h 

[0025] -fnt/Pn-7,7 -rA^-^ATU-h 

?i5±(c^^. «a5*IBB!HL>t (fiKiSl : [0. 5M 
NaOH 4 1 . 5 M N a C 1 K jf 8$ 2 : [ 1 M h 
U-^-gR (pH7. 5) . 0. 75M NaCl], 
m&3 : 2XSSC) . /^-S:9£«S-ti-^ S 
0 rT' 3 0 -ihHJnSft LT7-f A ^ — N A r tU^ft L 

[0026] [ 5xSSP 

lx-f>wH^§iS, 5 0?i^A7SK, 0. 1 
-mg/ml S 1 GMA&J8S ALMON TESTE 
SDNA For Hybridization (1 
Omg/ml) ]CCT4 2 C C. l^rW\>f/ij^ 
-tf-^3>rffo/>. 2 0xSSPEOfflJ«l±. 3. 6 
M NaCl, 0. 2M NaH ; P0 4s 0. 02M 
EDTAtfti. ±12 (C) JirPSLfcrn-y*jD 

4 2tt-Bi 7*y -tr->- 3 >Z'rt~>tz. 
[0027] 7^l^-r5xSSPE, 1 xfwvP 
5 0% *^ATSH»aT4 2X:, 1 5#H 

XSSPE, 0. 1% Hfy/l-gKth'J ^ASiR-C 
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4 2'C, 15M^(:li5$^^^L/:.. 7 

> ;'7t 7 < f-BAS-2 0 0 0 -r 
[00 2S] 16577-^7 7 hT#u-7.r5^> 
t . 2 0 0 ju 1 *) S M«ffii?Uc«ijS L £ , ±|&W< 1 0 

'J P 2 3 2 9 ft 3 0 0 x'- I fc iF t £ L . h •■/ 77//n-7> 

r t a ru- h ffi^it , 3 7 'cn'-isy^ l . r 

?-7Zfc&L*itfz v C?)A7"l--MC4m 1 <7.)SM*g 

BSP B 1li^(cjg2 Lfc t h >y 7Tffn-x r ig A * 

riRigftD.t^. -c IT 5 , 0 0 0 r p niX'5-frfflmfo 
U ±il& $ 4>{CD N a s e Rl*'R N a s e 

<ft»««ljus,-'rn I ) *mt. 37'CT'l 5#H-fil 

^HMS. 000) -2M NaC 1 £iJD£. *±T*1 
BSH2SBLfc-&, 4 : C, 10. OOOrprnt'IO-JJ-ra 
5t<M£. ±S*Sr^££Bfci Lfc. 2 5 Oju 1 Oh 'J>, 
-EDTASSiSr.iDi-CSiSL. 5ju1O10?6 K 

1 0 //• 1 <T> 5 M N aC 1 5:50/1. ^S<07 x 7- A / 
^oo*;I,JUSrJni. i<BSUu 1 2, 0 00 rp 

4 V ray V-MtSSfe. 70% x*/-/uifcjf • S£ 
« 3 * . 5 0 ju ] CO h .j x - ^BiSffiil £95 Lfc , 
[00 29] UJLc0^T1#^iX^A F I X I I DN 
A r B a m H I «ffiftr7A*D-^a:»Sc 
M IT . z w f SP£^&&fiftD NAiOBa 

mH IISrfr*#»-ffi8lfc.- ZCOB a mH I gTifrift 2 
kb&pUCl 1 ST^7^d-->^U^ -*f7^o 
-->/U:BamH I Wfr 5S2 k b £-£tfP UC 1 1 
SrBamH IT'flJBrU B arnH I ISffrr 042 L /^ 
[.0030] (E)zwf »£?±a<0ESK?«fc£ 
( D ) mX'&btittZ *-&2 k bcoDNAffirfrjgiS* 
SUKSSSSau 3 A 1 r.fflt'»"C3 7 c C"C^iUlL*CDNA 

C 1 1 Sr»P^BarnH ITiDKUt. i#4>il/c^ 

(PH7. 6), lOmM ^>^7>L-f h— /k lm 
M ATP, 10 wiM MgCU.fciinunit 
1 0 m\ T4DNA'J ii — tf 4-4 J: '3 t-#f£^r 
aSlDU <^-DNAttfrfrfcSM?DNAffifri:£ 

[003 1] ±iefc Raters $»2 kbODN A Br.fr 
iS?S2:9JKS¥STaq I tRJE*itT»#7f*?DN Atffi 
frrPI^L^ ;n-z>7X;;- P UCl 18**1 
KISS Ac c I T'flJIflrlfcfe, IiXr±lShl^tRl~ IT 



Sj£(cJ;Ox>x'.JtT • JMl 0 9ttr 
[ 0 0 3 2 ] iESfflttlfcfcifcW Lfcm** ftilsfcttx > 

pUC l l SC«A5ixfcgf^BDNAWrfri7)g5S 

?'] £ & *E I £ o -CU. w il i;j £>fB * tf>E?»l ^ jgf ±a ^ 

> - x/i-v--tt5?^> -7x> .Xfiff/r V 7 h 
— 1- T v -t >7"7- (Autoasse rn bier) 

[0033] w^s&pl Sdvij^ i left^tsSieyij*^) 1 

IP, L tz 9 yn?%?)T a /te-iKfltilt piox>-x 'J 

= j m-imm t crmmftcoitmz x >) , mm i 

IfiKO*SSffi?iJ+^6 2 9SB*^ 1 9 6 5fS^'7l 
hV\^f ■ 7 7/^MJ- 2 3 3c7)^/i 3— ^~ 
6 - 'J >tft Knyt- tr7I£^)^-7'> 'J -f' 

> ?"7 ^co±iST* & w y mm Ltz , 

[0034 ] (F)zwf mi^^^Mm^ 

0 -x^f > '9 7 U — -^cOTSffiTf Sr ?o-x > 

if. SSKfik HSiE^. Vo I . S. No. 9 (*i 
f'l) . p. 49 (1 990) #S?J ^to^ ; *"T*feE 
■ftDNASrEc oR I Vftmitz, w^ODNA^M^r 
T^n-7. y;immfSL^ ( C ) TS^itfeSS* 
r##(elT3 k b luf^DN A->t»?ft5-&^T^n- 

[0035] :i07#n-7,irA'W^ B I O 1 0 1 
ttSGENECLEAN I Irfflt^DNAM^ 
ttffiLfe. -rL-CUT^i^ [ 5 OmM h y^-SI8 
ISKpHT. 9). lOmMMgCh, 2 0 mM 
: J+*XU4 , 1 mM ATP. 1 u n i t/ 

10/.M T4DNAU ff—tz . 10i«s/ml 
6*DNA<^E c o R I Mm] ttchXo (C#Rg#S: 

astn u i 6 'ct-dare^ d n a a e 

[0036] ^^"C. 7°7-f [ CTG.AGCTGG.AAGATTC 

tgg ( mm^ i leig^sffi?']^ 1 9 4 3#a*^ 1 

9 5 9#@ : iE-?'I#"f 4 ) . CGAAAGCTGCATCATCATC (ffi 
?'J#-^ 1 f EacOisSE?'!^ S75#B*^S93SB^ 

Wt*m :.a-?']*# 5) ] Sr^^-c, ±ie^aa^-&sfes 

#DNA EcoRIMarKaiC, 

[0037] %$>i\tz D N A 2: luId^ffiT" pGEM- 
T^^^-(CS^L. XyX'Jt7 ■ 3'JJM109f 
7' n - - > L . T;U^? 'J-SDS mX'tAR L t * 
^ LTjfAIWfilffl^^T^^ > ^ ? KB 

m&xitt i tz&g , swj« 1 Ea^ssEW* 1 9 6 
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6SB A>*> 2 2 6 OSgcoaSiewiT' A&C fc ^"jj^ 

[ o o 3 s ] u±c7)as, 1 i^t 2 . 

260bp50DN ASSE*! r ftfl L £ , fcjg L fcSS 

Tt Kny^-^fcoTS /Bf-a:«Jifc<7)ffl|3Hti7)Jt« 
K J: 0 . E?'m^)ie?iJ#^ 1 E»?)figE?'J+ 6 2 9^ 
B**£2 083#B#*<7VtV\*;^>f »>A • 75'<A 
MJ- 2 3 3co^;Lo-^-6-y>i§rt Hoft- 

l£SW) T^j KELT'S) 5 C £ **p]Bjj L , 
[0039] 
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[0040] 
[E?«S] 
E*J#^: 1 

E?iJ^$ : 2 2 6 0 

: z*g[ 

E*J<0S! : KB 
E?'JS9|I£R : Genomic DNA 
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E?'J 

GATCCGATGA GGCTTTGGCT CTGCGTGGCA AGGCAGGCGT TGCCAACGCT CAGCGCGCTT 
ACGCTGTGTA CAAGGAGCTT TTCGACGCCG CCGAGCTGCC TGTAAGGCGC CAACACTCAG 
CGCCCACTGT GGGCATCCAC CGGCGTGAAG AACCCTGCGT ACGCTGCAAC TCTTTACGTT 
TCCGAGCTGG CTGGTCCAAA CACCGTCAAC ACCATGCCAG AAGGCACCAT CGACGCTGTT 
CTGGAACTGG GCAACCTGCA CGGTGACAAC CTGTCCAACT CCGCGGCAGA AGCTGACGCT 
GTGTTCTCCC AGCTTGAGGC TCTGGGCGTT GACTTGGCAG ATGTCTTCCA GGTCCTGGAG 
ACCGAGGCCG TGGACAAGTT CGTTGCTTCT TGGAGCGAAC TGCTTGAGTC CATGGAAGCT 
CGCCTGAAGT AGAATCAGCA CGCTGCATCA GTAACGGCGA CATGAAATCG AATTAGTTCG 
ATCTTATGTG GCCGTTACAC ATCTTTCATT AAAGAAAGGA TCGTGACGCT TACCATOGTG 
AGCACAAAAC ACGACCCCCT CCAGCTGGAC AAACCCACTG CGCGACCCGC AGGATAAACG 
ACTCCCCCGC ATCGCTGGCC CTTCCGGC 

ATG GTG ATC TTC GGT GTC ACT GGC GAC TTG GCT CGA A AG AAG CTG CTC 
Met Val He Phe Gly Val Thr Gly Asp Leu Ala Arg Lys Lys Leu Leu 

15 10 15 

CCC GCC ATT TAT GAT CTA GCA AAC CGC GGA TTG CTG CCC CCA GGA TTC 
Pro Ala He Tyr Asp Leu Ala Asn Arg Gly Leu Leu Pro Pro Gly Phe 

20 25 30 

TOG TTG GTA GGT TAC GGC CGC CGC GAA TGG TCC AAA GAA GAC TTT GAA 
Ser Leu Val Gly Tyr Gly Arg Arg Glu Trp Ser Lys Glu Asp Phe GIu 

35 40 45 

AAA TAC GTA CGC GAT GCC GCA AGT GCT GGT GCT CGT ACG GAA TTC CGT 
Lys Tyr Val Arg Asp Ala Ala Ser Ala Gly Ala Ars Thr Glu Phe Arg 

50 - 55 60 

GAA AAT GTT TGG GAG CGC CTC GCC GAG GGT ATG GAA TTT GTT CGC GGC 
Glu Asn Val Trp Glu Arg Leu Ala Glu Gly Met Glu Phe Val Arg Gly 
65 70 75 80 

AAC TTT GAT GAT GAT GCA GCT TTC GAC AAC CTC GCT GCA ACA CTC AAG 
Asn Phe Asp Asp Asp Ala Ala Phe Asp Asn Leu Ala Ala Thr Leu Lys 

85 90 95 

CGC ATC GAC AAA ACC CGc GGC ACC GCc GGC AAC TGG GCT TAC TAC CTG 
Arg He Asp Lys Thr Arg Gly Thr Ala Gly Asn Trp Ala Tyr Tyr Leu- 

100 105 110 

TCC ATT CCA CCA GAT TCC TTC GCA GCG GTC TGC CAC CaG CTG GAG CGT 
Ser He Pro Pro Asp Ser Phe Ala Ala Val Cys His Gin Leu Glu Arg 
115 120 125 



60 

120 

ISO 

240 

300 

360 

420 

4S0 

540 

600 

62S 

676 



724 



772 



S20 



S6S 



916 



964 
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TCC GGC ATG GCT GAA TCC ACC GAA GAA GCA TGG CGC CGC GTG ATC ATC 1060 

Ser Gly Met Ala Glu Ser Thr Glu Glu Ala Trp Arg Arg Val lie He .! 

• 130 135 • 140 

GAG AAg CCT TTC GGC CAC AAC CTC GAA TCC GCA CAC GAG CTC AAC CAG 1108 
Glu Lys Pro Phe Gly His .Asn Leu Glu Ser Ala His Glu Leu Asn Gin 
145 150 155 160 

CTG GTC AAC GCA GTC TTC CCA GAA-TCT TCT GTG TTC CGC ATC GAC CAC 1156 
Leu Val Asn Ala Val Phe Pro Glu Ser Ser Val Phe Arg He Asp His 

165 170 175 

TAT TTG GGC AAG GAA ACA GTT CAA AAC ATC CTG GCT CTG CGT TTT GCT 1204 
Tyr Leu Gly Lys Glu Thr Val Gin Asn He Leu Ala Leu Arg Phe Ala 

ISO 1S5 190 

AAC CAG CTG TTT GAG CCA CTG TGG AAC TcC AAC TAC GTT GAC CAC GTC 1252 
.Asn Gin Leu Phe Glu Pro Leu Trp Asn Ser Asn Tyr Val Asp His Val 

195 200 205 

CAG ATC ACC ATG GCT GAA GAT ATT GGC TTG GGT GGA CGT GCT GGT TAC 1300 
Gin He Thr Met Ala Glu Asp lie Gly Leu Gly Gly Arg Ala Gly Tyr 

210 215 220 

TAC GAC GGC ATC GGC GCA GcC CGC GAC GTC ATC CAG AAC CAC CTG ATC 134S 
Tyr .Asp Gly lie Gly Ala Ala Arg Asp Val He Gin Asn His Leu He 
225 230 235 240 

CAG CTC TTG GCT CTG GTT GCC ATG GAA GAA CCA ATT TCT TTC GTG CCA 1396 
Gin Leu Leu Ala Leu Val Ala Met Glu Glu Pro lie Ser Phe Val Pro 

245 250 255 

GCG CAG CTG CAG GCA GAA AAG ATC AAG GTG CTC TCT GCG ACA AAG CCG 1444 
Ala Gin Leu Gin Ala Glu Lys lie Lys Val Leu Ser Ala Thr Lys Pro 

260 265 270 

TGC TAC CCA TTG GAT AAA ACC TCC GCT CGT GGT CAG TAC GCT GCC GGT 1492 
Cys Tyr Pro Leu Asp Lys Thr Ser Ala Arg Gly Gin Tyr Ala Ala Gly 

275 2S0 2S5 

TGG CAG GGC TCT GAG TTA GTC AAG GGA CTT CGC GAa GAA GAT GGC TTC 1540 
Trp Gin Gly Ser Glu Leu Val Lys Gly Leu .Arg Glu Glu .Asp Gly Phe 

290 295 300 

AAC CCT GAG TCC ACC ACT GAG ACT TTT GCG GCT TGT ACC TTA GAG ATC 15SS 
Asn Pro Glu Ser Thr Thr Glu Thr Phe Ala Ala Cys Thr Leu Glu lie 
305 310 315 320 

ACG TCT CGT CGC TGG GCT GGT GTG CCG TTC TAC CTG CGC ACC GGT AAG 1636 
Thr Ser Arg Arg Trp Ala Gly Val Pro Phe Tyr Leu Arg Thr Gly Lys 

325 330 335 

CGT CTT GGT CGC CGT GTT ACT GAG ATT GCC GTG GTG TTT AAA GAC GCA 16S4 
Arg Leu Gly Arg .Arg Val Thr Glu lie Ala Val Val Phe Lys Asp Ala 

340 345 350 

CCA CAC CAG CCT TTC GAC GGC GAC ATG ACT GTA TCC CTT GGC CAA AAC 1732 
Pro His Gin Pro Phe Asp Gly .Asp Met Thr Val Ser Leu Gly Gin Asn 

355 360 365 

GCC ATC GTG ATT CGC GTG CAG CCT GAT GAA GGT GTG CTC ATC CGC TTC 17S0 
Ala He Val He .Arg Val Gin Pro Asp Glu Gly Val Leu He Arg Phe 

370 375 3S0 

GGT TCC AAG GTT CCA GGT TCT GCC ATG GAA GTC CGT GAC GTC AAC ATG 1S2S 
Gly Ser Lys Val Pro Gly Ser Ala Met Glu Val Arg Asp Val Asn Met 



3i >5 390 395 400 

GAC TTC TCC TAC TCA GAA TCC TTC ACT GAA GAA TCA CCT GAA GCA TAC 
Asp Plie Ser Tyr Ser Gin Ser Phe Thr Glu Glu Ser Pro Glu Ala Tyr 

405 410 415 

GAG CGC CTT ATC TTg GAT GCG CTG TTG GAT GAA TCC AGC CTT TTC CCT 
Glu Ars Leu He Leu Asp Ala Leu Leu Asp Glu Ser Ser Leu Phe Pro 

420 425 430 

ACC AAC GAG GAA GTG GAA CTG AGC TGG AAG ATT CTG GAT CCA ATT CTT 
Thr Asn Glu Glu Val Glu Leu Ser Trp Lys He Leu .Asp Pro He Leu 

435 440 445 

GAA GCA TGG GAT GCC GAT GGA GAA CCA GAG GAT TAC CCA GCA GGT AOG 
Glu Ala Trp Asp Ala Asp Gly Glu Pro Glu Asp Tyr Pro Ala Gly Thr 

450 455- 460 

TGG GGT CCA AAG AGC GCT GAT GAA ATG CTT TCC CGC AAC GGT CAC ACC 
Trp Gly Pro Lys Ser Ala .Asp Glu Met Leu Ser Arg Asn Gly His Thr 
465 470 475 . 4S0 

TGG CGC AGG CCA TAATTTAGGG GCAAAAAATG ATCTTTGAAC TTCCGGATAC 
Trp .Arg Ars Pro 

484 

CACCACCCAG CAAATTTCCA AGACCCTAAC TCGACTGCGT GAATCGGGCA CCCAGGTCAC 
CACCGGCCGA GTGCTCACCC TCATCGTGGT CACTGACTCC GAAAGCGATG TCGCTGCAGT 
TACCGAGTCC ACCAATGAAG 



ffi?'J#^ : 2 
EW^S : 
«<Oft : 1 

Efltos : ma 

m\<DWm : fl&CO&R < D N A ) 

mi 

ATHGAYCAYT AYYTNGGNAA RGA 23 

mm** : 3 
wft<n&% : 
aoa : i 

minim : flsoeas <-&#dna> 

GGNACNCCNK SCCANC 16 



1S76 



1924 



1972 



2020 



2068 



2120 



21 SO 
2240 
2260 



mm^ : 4 



CTGAGCTGGA AGATTCTGG 19 
E?'J## : 5 

emohsi {<km> n a > 

CGAAAGCTGC ATCATCATC 19 
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